2 Abstract 21 There is growing evidence that the power of prestimulus neural alpha oscillations (~10 Hz) holds 22 information on a perceiver's bias or confidence in an ensuing perceptual decision, rather than 23 perceptual sensitivity per se. Obviously, however, confidence also depends on the physical evidence 24 available in the stimulus as well as on task performance. If prestimulus alpha power has a direct 25 impact on decision confidence, this link should hold independent of variations in stimulus evidence 26 and performance. We tested this assertion in a paradigm where human listeners (n = 17) rated their 27 confidence in the discrimination of the pitch of two identical tones. Lower prestimulus alpha power 28 in the electroencephalogram (EEG) was predictive of higher confidence ratings, but not of the 29 decision outcome (i.e., judging the first or the second tone as being higher in pitch). Importantly, the 30 link between prestimulus alpha power and decision confidence was not mediated by auditory 31 evoked activity. Our findings demonstrate that the link between prestimulus alpha power and 32 decision confidence does not hinge on physical evidence in the stimulus or task performance.
33
Instead, these results speak to a model wherein low prestimulus alpha power increases neural 34 baseline excitability, which is reflected in enhanced stimulus-evoked neural responses and higher In order to understand the mechanistic relevance of neural oscillations for perception, we here relate 43 these directly to changes in human auditory decision confidence. Human subjects rated their 44 confidence in the discrimination of the pitch of two tones, which were, unbeknownst to the listener, 45 physically identical. In the absence of changing evidence in the physical stimulus or changes in task 46 performance, we demonstrate that prestimulus alpha power negatively relates to decision 47 confidence. Our results support a model of cortical alpha oscillations as a proxy for neural baseline 48 excitability in which lower prestimulus alpha power does not lead to more precise but rather to 49 overall amplified neural representations. 50 3 Human perception close to threshold is subject to ongoing changes in brain activity. A prevalent 51 view holds that lower power of prestimulus alpha oscillations (8-12 Hz) enhances neural sensitivity 52 and thereby the precision of neural stimulus representation. Evidence for this view comes from 53 studies showing a negative relation between prestimulus alpha power and the probability to detect 54 visual (Hanslmayr et al., 2007; van Dijk et al., 2008; Busch et al., 2009) or tactile targets (Weisz et al., 55 2014) . Alternatively, more recent research suggests that lower prestimulus alpha power does not 56 lead to more precise but rather to overall amplified neural representation, which is supported by the 57 negative relation of prestimulus alpha power and subjective perception (Lange et al., 2013) , decision 58 confidence (Samaha et al., 2017), perceptual bias (Limbach and Corballis, 2016; Benwell et al., 2017a;  59 Iemi et al., 2017) , perceptual awareness (Benwell et al., 2017b) , and the self-rated level of attention 60 (Whitmarsh et al., 2017) ; a host of aspects summed under the label of "metacognition" (for review, 61 see Fernandez-Duque et al., 2000) .
62
However, the link between prestimulus alpha power and metacognitive measures such as 63 confidence might be indirect: Both covary with task performance and task ease, which, in turn, both 64 benefit if a stimulus provides more evidence in favour of one or the other decision.
65
Some studies have attempted to disentangle these neuro-behavioural interdependencies.
66
Simultaneity judgements with fixed stimuli (two sensory events displaced briefly in time) revealed a 67 negative relation of confidence with prestimulus alpha power only in correct trials, while the relation 68 was instead positive in incorrect trials (Baumgarten et al., 2016) . In a recent study, Benwell and 69 colleagues (2017b) eliminated variations of evidence in the stimulus and task accuracy on some trials 70 by asking participants whether an omitted visual stimulus was lighter or darker than the background.
71
No relation between prestimulus alpha power and perceptual awareness ratings was found in these 72 trials. It is thus unclear at present whether a direct link between prestimulus alpha power and 73 confidence exists (see Fig. 1D ).
74
Here, we re-analyse data from a forced-choice pitch discrimination task of two tones (Waschke et   75 al., 2017) , which entirely eliminates variations in stimulus evidence and task performance.
76
Unbeknownst to participants, the two tones were physically identical on each trial and thus no 77 evidence in the stimulus in favour of one decision was available. Furthermore, task performance did 78 not vary since participants' judgments of pitch difference (i.e., first versus second tone higher in 79 pitch) were objectively incorrect throughout, although participants subjectively perceived pitch 80 differences. With these data, free from confounding physical stimulus differences or variations in task 81 difficulty, we first provide evidence that confidence relates negatively to prestimulus alpha power.
82
Second, we show that this link is a direct one, in that it is not mediated by the stimulus-evoked neural 83 response.
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Materials and Methods
85
In the present study, we re-analysed data from a previously published experiment (Waschke et al., 86 2017 
93
Stimulus materials and task. On each trial of the main experiment, the same sine tone (650 Hz, 150 94 ms duration, rise and fall times of 10 ms) was presented twice, with an inter-stimulus-interval of 900 95 ms. Immediately after the offset of the second tone, a response screen was shown ( Fig. 1A ) until 96 participants entered a response (time limit of 2 s). Participants performed a 2AFC pitch discrimination 97 task with confidence rating. They indicated on each trial which one of the tones was higher in pitch 98 and how confident they were in this decision.
99
In detail, participants pressed one of 6 buttons, ranging from 1 (first tone clearly higher as second) 100 to 6 (second tone clearly higher as first). Thus, ratings of 1 and 6 corresponded to high confidence, 101 ratings of 2 and 5 to medium confidence, and ratings of 3 and 4 to low confidence. The mapping of 102 response buttons was reversed for 8 of the 17 participants. After an average inter-trial-interval of 3 s 103 (randomly jittered between 2 and 4 s), the next trial started, indicated by the fixation cross changing 104 its colour from grey to light green and back to grey over a period of 500 ms.
105
Each participant performed 500 trials (except for one participant, who performed 600 trials), 106 divided in blocks of 100 trials each. Bogus feedback was provided for the first few trials of each block 107 (first 10 trials for two participants and first 20 trials for all other participants), where, in 65% of all 108 feedback trials, positive feedback indicating correct pitch discrimination was given. This proportion 109 of positive bogus-feedback was chosen to keep participants engaged in the task. In trials involving 110 bogus feedback, the response screen was followed by a sound indicating a correct or incorrect 111 answer after 100 ms. Additionally, after every 20th trial, sham accuracy scores, indicating sham-112 average performance in the past 20 trials, randomly chosen from a uniform [55;65]-% distribution 113 were displayed on the screen for 3 s. For further analyses, trials followed by feedback were excluded.
114
Before the main experiment, each participant performed 20 practice trials and an adaptive 115 tracking procedure. This procedure was identical to the main experiment but we presented two 116 tones of different pitch on each trial. During the course of the adaptive tracking, the pitch difference 117 was gradually decreased. This was to ensure that participants were in the belief that the two tones 118 in the main experiment were different in pitch, although difficult to discriminate. 119 5 EEG recording and preprocessing. The electroencephalogram (EEG) was recorded at 24 passive 120 scalp electrodes (SMARTING, mBrainTrain, Belgrade, Serbia) at a sampling rate of 500 Hz (DC to 250 121 Hz bandwidth), referenced against electrode FCz. Electrode impedances were kept below 10 kΩ. The 122 amplifier was attached to the EEG cap (Easycap, Herrsching, Germany) and the EEG data were 123 transmitted via Bluetooth to a nearby computer, which recorded the data using the Labrecorder 124 software (part of Lab Streaming Layer, LSL; Kothe, 2014).
125
Offline, the continuous data were bandpass-filtered (0.5-100 Hz), re-referenced to the average of 126 both mastoids (which were discarded from all further analyses), and epoched from -2 to +2 s relative 127 to the onset of the first tone (S1). An independent component analysis was used to remove artefact-128 related components. Remaining artefactual epochs were removed afterwards by visual inspection. 
137
To obtain a single-trial measure of ITPC, we used a Jackknife approach proposed by Richter, 138 Thompson, Bosman and Fries (2015) . In brief, conventional ITPC can be obtained for a group of N 139 trials but is not defined for a single trial. In order to nevertheless obtain a single-trial metric of ITPC 140 for each participant, we calculated ITPC for all leave-one-out subsamples of trials, resulting in N 141 jackknife-ITPC (jITPC) values. If a single trial is highly phase-coherent with remaining trials, leaving 142 this trial out results in a relatively small value of jITPC. Thus, for better interpretability of results, we 143 refer to 1-jITPC as single-trial phase coherence. 1-jITPC is a robust measure since it is calculated on a 144 large number of (N-1) trials. Nevertheless, differences in 1-jITPC values across trials reliably reflect 145 the relative single-trial phase-locked neural response.
146
Statistical analyses. For repeated-measures analyses, we report Greenhouse-Geisser (GG) epsilon 147 (e) and GG-corrected p-values in case of violation of sphericity (p < .05 in Mauchly's test).
148
The relationship between prestimulus alpha power and auditory-evoked phase coherence on the 149 one hand and decision confidence on the other hand was analysed in two ways. First, for 150 confirmatory analyses, for each participant, single-trial prestimulus alpha power (8-12 Hz; -0.4 to 0 151 s; 10 central electrodes shown in Fig. 2A ), decision confidence (coded as 1, 2, 3 for low, medium, and 152 high confidence, irrespective of whether the decision was made for S1 or S2 as being higher in pitch), 153 and post-stimulus single-trial phase coherence (1-jITPC; 2-8 Hz; 0 to 0.4 s; 10 central electrodes) were 154 extracted. For each participant, we binned single-trial confidence ratings and single-trial phase 155 6 coherence according to the magnitude of prestimulus alpha power into four bins (non-overlapping; 156 same trial number across bins), followed by averaging across trials per bin. We then fitted linear 157 functions to model changes in mean confidence ratings and mean single-trial phase coherence as a 158 function of the increasing alpha power bin number (using the polyfit function in Matlab), and tested 159 linear fit coefficients against zero (using one-sample t-tests). 
206
In the end of each trial, participants judged which one of two tones they perceived as being 207 higher in pitch and how confident they were in this decision, by pressing one button on a 6-point 208 scale, ranging from 1 (first tone, S1, clearly higher in pitch) to 6 (second tone, S2, clearly higher in 209 pitch). Average proportions of responses did not differ significantly for the six response options (Fig.   210 1C; repeated-measures ANOVA; Greenhouse-Geisser e = 0.39; F5,80 = 2.08; p = 0.142; h 2 P = 0.12; BF = 211 1.36).
212
As we reported before in Waschke et al. (2017) S1or S2 was perceived as being higher in pitch (Fig. 1C , orange bars).
219
Prestimulus alpha power predicts confidence in pitch discrimination. The major objective of this 220 study was to test for a direct link of prestimulus alpha power and confidence in a task without 221 potentially confounding effects of varying evidence in the stimulus and varying performance (red 222 solid line in Fig. 1D ). Indeed, our results support the existence of such a link ( Fig. 2A) 
269
A second necessary precondition for the stimulus-evoked response as a mediator of the 270 prestimulus alpha-confidence relation would be a substantial reduction of this relation under 271 statistical control for the stimulus-evoked response (e.g., Baron and Kenny, 1986 
286
Prestimulus alpha power does not predict decision outcome. Finally, it might be that prestimulus 287 alpha power is not only related to confidence but also to the actual pitch discrimination outcome 288 (i.e., experience of the first vs. the second tone as being higher in pitch). We performed two analyses 289 to test this. First, binning the proportion of decisions in favour of S1 as being higher in pitch 290 according to prestimulus alpha power revealed no significant linear relationship (t16 = -0.92; p = 0.37; 291 r = 0.22; BF = 0.36; non-significant also for 3 and 5 bins: ps > 0.3; rs < 0.3; BFs < 0.4). Second, a cluster 292 permutation test to regress oscillatory power on decisions for S1 versus S2 as being higher in pitch 293 did not reveal any significant clusters (all ps > 0.3).
11
Discussion
295
Recently, evidence has accumulated that prestimulus alpha power might influence metacognitive 296 measures in the aftermath of a stimulus, such as confidence in perceptual decisions close to 297 threshold. Here, we demonstrate (i) that this relation does not hinge on potential confounds of 298 varying evidence in the stimulus in favour of a particular decision or varying task performance across 299 trials; (ii) that this relation is not simply mediated by differences in the stimulus-evoked neural 300 response; and (iii) that this effect, and notably its direction, surfaces in the auditory modality just as 301 it did for vision and somatosensation before. These findings lend plausibility and parsimony to the 302 suggested mechanistic role of alpha oscillations in the accumulation and weighting of perceptual 303 evidence.
305
Direct link between prestimulus alpha power and confidence. Although our participants heard 306 two instances of the very same tone on each trial, they reported perception of pronounced pitch 307 differences after the experiment and did not raise concerns regarding the true nature of our stimuli.
308
Together with previous work on perception of differences between identical stimuli, this speaks to 309 the feasibility of such a task structure (Amitay et al., 2006 (Amitay et al., , 2013 Bernasconi et al., 2011) . Although it 310 is controversial what factors make a participant report high (versus low) confidence in a decision, 311 confidence likely relates to a participant's subjective experience that the made decision is correct, 312 given the evidence (Pouget et al., 2016) .
313
The most important finding of the present study is the substantial negative relation of a 314 participant's prestimulus alpha power on the one hand and confidence in the pitch discrimination 315 of two identical tones on the other ( Fig. 2A,B) . A similar prestimulus alpha power-confidence 316 relationship has been established before in the visual (e.g., Samaha et al., 2017) and somatosensory 317 modality (Craddock et al., 2017) , however, only in context of varying physical evidence in the 318 stimulus and varying task accuracy, which both typically covary with confidence.
319
While previous studies have aimed for statistical control of these potential confounds, we 320 eliminated these altogether. Our results substantiate that prestimulus alpha power relates directly 321 to decision confidence, i.e., independent of varying evidence in the stimulus or varying task 322 performance.
323
Although no statistical inference about the direction of the link between prestimulus alpha power 
331
Our results somewhat diverge from a recent study by Benwell et al., (2017b) . There, the negative 332 relation between prestimulus alpha power and perceptual awareness ratings in a luminance 333 discrimination task decreased with smaller degrees of evidence in the stimulus, and it even 334 disappeared for trials in which no stimulus (and thus no evidence) was presented. The present study 335 exclusively contained trials without evidence available in the stimulus (except for the pre-336 experiment adaptive tracking procedure). Thus, our participants likely adapted to this situation such 337 that even small subjectively experienced pitch differences (Micheyl et al., 2009) 
352
According to an adapted signal-detection model (Iemi et al., 2017; Samaha et al., 2017) 
13
the evidence for both decision outcomes (see Fig. 3 ). This enhanced evidence subsequently 361 increased the confidence for the selected choice (i.e., first versus second tone being higher in pitch).
362
Of note, our results disagree with the alternative view, namely that prestimulus alpha power Prestimulus alpha power and confidence in auditory decisions. Virtually all prior studies to 390 demonstrate the relationship between prestimulus alpha power and metacognitive awareness used 391 near threshold visual or somatosensory tasks (for evidence of prestimulus influences on auditory 392 perception, see Kayser et al., 2016) . In one previous study, we found that participants' confidence in 393 a speech comprehension task was negatively related to alpha power. This however occurred post-394 not prestimulus onset and in a task where confidence and accuracy did covary strongly (Wöstmann   395   et al., 2015) .
396
It might seem unsurprising that the present study conceptually replicates in the auditory 397 modality previously shown effects of prestimulus alpha power on confidence. However, the net 398 alpha power measured in human EEG is clearly dominated by visual and parietal alpha, which reflects 399 in pervasive maximal alpha power modulation in occipito-parietal regions, even in auditory 400 attention and memory tasks (e.g., Lim et al., 2015; Wöstmann et al., 2015 Wöstmann et al., , 2017 . Compared to tasks 401 in the visual modality, auditory tasks often reverse the modulation of visual alpha power rather than 402 exhibiting an effect on auditory alpha power (e.g., Fu et al., 2001; Strauß et al., 2014) . In the present study, maximum prestimulus alpha modulation in 408 relation to confidence was observed at central electrodes (Fig. 2B) . This is at least circumstantial 409 evidence against purely visual or supramodal parietal alpha power modulation (Banerjee et al., 2011) 410 but rather speaks to alpha power modulation in sensory-specific, auditory regions.
412
Conclusions
413
To understand the mechanistic relevance of patterns of neural activity in general and alpha 414 oscillations in particular, it is inevitable to relate these as precisely as possible to changes in human 415 behaviour. We here demonstrate that prestimulus alpha power directly predicts auditory decision 416 confidence, and that this link does not depend on changing evidence in the physical stimulus or on 417 changes in task performance. These results support an amodal model of cortical alpha oscillations 418 as a proxy for neural baseline excitability in which lower prestimulus alpha power does not lead to 419 more precise but rather to overall amplified neural representations. 420 421
